Cancer patients can experience nausea as they approach the place where they have 3 received chemotherapy treatment. This nausea is likely the result of Pavlovian conditioning, 4 where the previously neutral environment acquires conditioned properties, in this case 5 conditioned nausea, because its association with feeling ill. To investigate this phenomenon 6 under controlled conditions, we studied the acquisition of conditioned nausea using a distinct 7 environment paired with an emetic drug in healthy young adults. We measured two indices of 8 conditioning: i) conditioned place aversion, and ii) conditioned drug-like (nausea) responses. 9
Introduction 1 counterbalanced between participants. On the last (post-conditioning) session participants rated 1 and spent time in the two rooms. The primary outcome measures were: time spent in each room, 2 room liking, and ratings of feeling nauseous. 3
Session Procedures 4
Session Locations: Sessions were conducted in comfortably furnished rooms with movies and 5 reading materials. Orientation and screening were conducted in a neutral room, and two rooms, 6
designated Room A and Room B were used for conditioning. Rooms A and B were of similar 7 size and lighting, and adjacent to each other, joined by a common hallway. The rooms differed in 8 décor (color of the furniture, posters on the walls), and had distinctive scents (floral versus clean 9 linen air freshener). 10
Orientation/Pre-test Session: During this session participants provided informed consent, were 11
given instructions about drug abstinence before the sessions, and completed a pre-conditioning 12 preference test. They were told that the study examined the relationship between drug effects and 13 environment, and were informed that they could receive a drug that induces short-term nausea or 14 vomiting. Participants explored the two testing rooms for 1 minute and their movements were 15 videotaped. Afterwards, subjects rated their liking for each room and their preference between 16 the two rooms. For the PG, these room preference ratings were used to determine which room 17 would be paired with IP. 18
Conditioning Sessions: Each participant completed four 2-hour sessions from 9am to 11am, 19 spaced 2-7 days apart. Upon arrival at every session, subjects were tested for compliance with 20 drug use restrictions using breathalyzers (measuring blood-alcohol levels; Alco-sensorIII, 21
Intoximeters, St Louis, MO), urine drug tests (ToxCup, Branan Medical Corporation, Irvine CA), 22 and women were tested for pregnancy (AimStickPBD, hCG professional, Craig Medical 23 Distribution, Vista, CA). Then they were escorted to the designated room (A or B) where 1 baseline blood pressure (BP) and heart rate (HR) measures were obtained and subjects completed 2 a baseline "brief nausea questionnaire" (BNQ) that asked about feelings of nausea, queasiness, 3 and urge to vomit at that moment. At 9:20am, IP or PBO was administered under double-blind 4 conditions with 100 ml of water. IP (5 ml; Lifestyle Pharmacy, Windsor, ON) was mixed with 5 5 ml of Ora-Sweet syrup (Paddock Laboratories, Minneapolis, MN). PBO syrup consisted of 10 ml 6 of Ora-Sweet alone. BNQ measures were assessed at eight times throughout the 2 hour session. 7
Physiological measures were obtained at baseline and 20, 50, and 110 minutes after drug 8 administration. At the end of the session, participants rated the strength of the nausea 9 experienced during the session and the number of times vomited. 10
Post-test Session: This session was conducted 2-7 days after the last conditioning session. 11
During the post-test, participants completed the same measures as during the pre-test. They 12 explored both rooms for 1 minute and then spent 30 seconds in each room completing ratings of 13 liking and subjective effects. 14 using AUC scores during conditioning sessions. AUC values were calculated using the trapezoid 19 method relative to the baseline. These values were then analyzed using independent samples t-20 tests to examine differences between the PG and UG. 21
Drug Effect Measures 15

Cardiovascular and Subjective Effects during
Dependent Measures: Room exploration was analyzed using a repeated measures ANOVA ofinitially non-preferred) as a within-subjects factor and group (PG, UG) as a between subjects 1 factor. Room liking was analyzed similarly to room exploration using repeated measures 2 ANOVA. Change in room preference from before to after conditioning was analyzed using a 3
Pearson chi-squared to compare changes in preference in the PG and UG. Context-produced 4 subjective effects at the post-test session were analyzed using paired t-test to compare subjective 5 effect scores for nausea, queasiness, and urge to vomit between the preferred and non-preferred 6 rooms for each group. 7
Results 8
Demographic Characteristics 9
The PG and UG did not differ in age, sex, BMI, or years of education completed. Most 10 participants were in their mid-20s and Caucasian (Table 1) . 11
Effect of IP 12
During the conditioning sessions, IP increased nausea, MAP and HR in both groups. Participants 13 reported significant increases in nausea after IP compared to PBO (t(31) = 9.77, p < 0.001; 14 Queasiness and urge to vomit were rated equally in the two rooms. The UG did not report 7 differences in nausea, queasiness, or urge to vomit between the two rooms. 8
Discussion 9
The present study is a first step toward developing a laboratory model for studying 10 aversive drug conditioning in humans. Cancer patients report feeling nauseous as they approach 11 the place where they received chemotherapy, and rodents exhibit conditioned place aversion and 12 conditioned drug-like 'gaping' when they are placed in a context where they experienced an 13 aversive event. In the present study IP reliably produced nausea and vomiting and increased 14 heart rate and blood pressure. However, we found little evidence of conditioned place aversion. 15
The PG did not avoid the room in which they had received IP, and their ratings of room liking or 16 preference were not different from the UG. The PG reported a small, but significant, increase in 17 conditioning, liking scores of the initially preferred room decreased in both groups, but liking 6 scores of the initially nonpreferred room remained stable. 7
